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Description 

Field of the Invention 

5 This Invention relates to microencapsules which contain a solid biologically active conrpound suspended in a liquid, 
and processes for their preparation and for the use of such microcapsules. 

Background and Prior Art 

70 Microcapsule technology has been in existence for a number of years. Microcapsules have a variety of uses, espe- 
cially for containing dyes, inks, chemical reagents, pharmaceuticals, flavoring materials, and more especially agro- 
chemicals, that is fungicides, bactericides, insecticides, herbicides and the like. 

The development and uses of microencapsulation are described by Gordon Marrs and Herbert B. Scher in Chapter 
4 of "Controlled Delivery of Crop Protection. Agents" (London. Taylor and Francis, 1990). As discussed by Marrs and 

IS Scher, there are three metiiods of forming microcapsules: i) physical methods, ii) phase separation methods and iii) 
interfacial polymerization. 

In the third of these methods, the walls of microcapsules are generally formed of polymeric material produced by a 
polymerisation reaction which preferably takes place at the interface between two phases, usually an aqueous phase 
and a water-immisdWe organic phase. Thus, tiiey may be produced from a waler-in-oil emulsion or rrxjre usually an oil- 
20 in-water emulsion. 

A basic patent dealing witii microcapsule technology is U.S. Patent No. 4,285,720. In tiiis patent tiie walls of the 
microcapsules are produced from polymers formed by reactions of isocyanate monomers. 

A second means of forming microcapsules by interfacial polymerization is described in U.S. Patent 4.956,129. In 
this patent polymeric microcapsule walls are produced from etherif led urea-formakJehyde prepolymers which undergo 
25 self-condensation polymerization under acid conditions. 

Various improvements on these techniques have been suggested. For example. U.S. Patent 4.140.516, describes 
the use of phase transfer catalysts while U.S. Patent 4,448.929, desaibes the use of an inrproved protective colloid. 
However, in all these patents, tiie process have been applied only to liquids. i.e.. to materials which are liquid at ambient 
temperature or to solutions. Unfortunately, many biologically active compounds are solids with high melting points and 
30 are not readily soluble in most commonly used solvents. The benefits of microencapsulation e.g., controlled release and 
increased longevity of efficacy have not been readily available to such compounds using known techniques. 

It is also known to surround solkls by a polymer matrix. Thus, in U.S. Patent 4,428,983, tiiere is described a process 
for producing quartz crystals in a polymer matrix. The patent uses the term suspension for describing the paste of 
quartz crystals in ttie prepolymer. but tills publication does not describe ttie production of microcapsules containing a 
35 solid suspended in a liquid. 

There are a large number of publications dealing witii the production and application of microencapsulated formu- 
lations of haloacelanilide herbteides. These include U.S. Patents 4.280,833; 4.417,916; 4.534.783; 4,563,212; and 
4.640.709. Additionally. U.S. Patent 4.936,901 discloses herbiddal compositions which aredry flowaWe water-dispers- 
ible granular formulations comprising a mixture of microcapsules of a water-insoluble pesticide (including a haloacetani- 
40 lide herbicide) encapsulated within a polymerk; shell wall and at least one otiier pesticide which is nonencapsulated. 
Such compositions were necessary since no satisfactory technkiues to produce a microcapsule containing a solkl. bio- 
logically activate herbicide suspended in a liquid have been known. 

GB-A-201 1341 discloses an encapsulation technique using Interfacial polymerization which nnay be applied to sol- 
ids suspended in liquids. It is not surprising that capsules containing a biologically active solid suspended In a liquid 
45 have not been made up until the present time since the problems to be faced in producing such a capsule are formkla- 
ble. For example, in forming such capsules from an oil-in-water emulsion, the following difficulties must be addressed: 

Rrstiy. a stable suspension of the solid in a water-immisdble liquid must be produced. If dispersants or surfactants 
are used, tiiey must not interfere with further processes of dispersion used in making microcapsules. 

Secondly, the sispension must be dispersed in water to produce stable, well dispersed droplets. For biologically 
so active substances, it is preferable to have very small droplets of liquid dispersed in water to present a high surface area 
in the resulting microcapsules. To produce very small droplets requires high shear forces which would tend to break 
down tiie droplets iand/or release tiie solid from suspension. Surfactants are usually required to achieve good disper- 
sion and stable droplets. 

Thirdly, the presence of one or mae surfactants can make tiie dispersed droplet system unstable and tiie phenom- 
55 enon of phase inversion may occur i.e., the water forms small droplets within the liqukJ, a water-in-oil emulsion. 

Fourtiily, the solid suspended in tiie water-immisdble liquid is liable to nrvgrate to the aqueous phase, particularly 
when emulsifying surfactants are used. 
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SUMMARY OF THE INVENTION 

It has now been found that the above problems can be overcome and it Is possible to produce microcapsulated 
compositions containing a solid biologically active compound suspended in a liquid. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, a microencapsulated formulation of a solid biologically active compound sus- 
pended in a liquid is produced by phase separation or interiacial polymerization techniques. The pretended technique is 
10 interfacial polymerization, especially producing the capsules from an oil-in-water emulsion by procedures such as those 
described in U.S. Patent 4,285,720. and U.S. Patent 4.956.129. nxxiified as described herein. 

The solid, biologically active conrpound is preferably an agrochemical and especially a herbicide. 
Preferred herbicides are s-triazines, e.g.. atrazine. simazine, propazine, cyprozine; 
Sulphonylureas e.g.. chlorsulfuron, chlorimuronethyl, metsulfuron-methyl, thiameturon-methyl; and 
15 Triketones e.g., sulcotrione. 

An especially preferred herbicide is atrazine. 

Another suitable conpound is the fungicide (E)-methyl 2-[2-(6-(2-cyanophenoxy)pyrimidin-4-yloxy)phenyI]-3-meth- 
oxypropaioate. 

The liquid in which the solid is suspended may suitably be a second herbicide, especially a thiocart>amate or a 
20 haloacetanilide and preferably acetochlor. 

The haloacetanilides. particularly the subclass generally known as a-chloroacetanilides. are a well-known class of 
herbiddal agents and have been used and proposed for use in a number of crop and non-aop applications. Some of 
the better known members of this dass include a-chloro-6'-ethyl-N-{2-methoxy-1-metiiylethyl)-acetanilide (metol- 
achlor). N-butoxymethyl-a-chloro-2\6'-diethylacetaniIide (butachlor), a-chloro-2'.6'-dietfTyl-N-metiioxymetiiylacetanillde 
25 (alachlor). 2-chloro-N-{etiioxymethyl)-6'-ethyl-o-acetotolukiide (acetochlor) and a-chloro-N-isopropylacetanilkie 
(propachlor). Many other compounds of this type are disclosed in numerous patents. 
The thiocaritjamates are a well known dass of herbidde which includes 

Molinate - S-ethyl hexahydro-1 H-azepine-1 -carisothioate 
30 Butylate - S-ethyl diisobutylthiocart}amate 
EPTC - ethyl dipropylthiolcarbamate 
Triallate - 2,3.3-trich!oroallyl-diisopropylthiolcariDamate 
Diallate - cis-1-trans-2.3"dich!oroallyl-diisopropylthiolcart>amate 
Vernolate - S-propyl dipropylthiolcarl>amate 

35 

The microcapsules of the invention suitably contain 0. 1 -55% by weight of biologically active compounds. 

The liquid may alternatively be any organic solvent which is immisdble with water, does not dissolve the biologically 
active solid to appreciable extent and is polar enough to dissolve the prepolymers used to form the walls of tiie micro- 
capsules. 

40 Suitable exanples of sudi solvents are aromatic compounds such as xylenes or naphthalenes, especially 
Solvesso 200; aliphatic compound such as alkyi esters, espedally alkyi acetates. e.g., Exxate 700 - Exxate 1000; alkyi 
phtiialates. such as diethyl phttialate. dibutylphthalate; alcohols, such as isopropyt alcohol; ketones, such as acetophe- 
none. cyclohexanone. The solvent may be a mixture of more ttian are conpound. 

A safener for either herbicide may be present and many such safeners or antidotes as well known in the art. Pre- 

45 ferred types for use witii haloacetanilide herbicides indude dichloroacetamides such as dichlormid (N.N-diallyl dichlo- 
roacetamide); 2.2.5-trimethyl-3-dichloroacetyl oxazdidine (R-29148). N-dichloroacetyl-1-oxa-4-azaspiro[4,5]decane 
(AD-67); 4-dichloroacetyl-2,3-dihydro-3-metiTyl-1,4-benzoKazine {CGA-1 54281); 1-(dichloroacetyl)hexahydro-3,3,8a- 
trimethylpyaolo-[1 .2-a]-pyrimidin-6(2H)-one and N-(1 .3<lioxolan-2-yi-melhyl)-N-(2-propenyO-2.2-dichloroacetamide 
(PPG-1292). 

so These and other dichloroacetamides are described, for instance, in U.S. Patents 4,124,372; 4,256.481 ; 4,294,764; 
4,448,960; 4.601.745; 4,618.361; 4,708,735 and 4,900,350. Additional known types of safeners or antidotes indude 
certain oxime derivatives (U.S. Patents 4,070,389 and 4,269,775, for instance), tiiiazole carboxylic acids and deriva- 
tives (U.S. Patent 4,199.506 for instance), haloacyltetirahydroisoquinolines (U.S. Patent 4,755,218, for example), aryl 
cyclopropane carbonitriles (U.S. Patent 4,859,232, for example) and 1 ,8-naphtiialic acid, its anhydride and derivatives. 
55 Safeners or antidotes, when included, will usually be contained in the organic or water-immiscit)le phase. 

The prefen-ed materials for the microcapsule is a polyurea. formed as desaibed in U.S. Patent 4,285,720, or a 
urea-formaldehyde polymer as described in U.S. Patent 4,956,129. The polyurea is especially preferred. 
In brief, tiie process comprises the following steps. 
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Step 1 . Producing the solid biologically active material with the required particle size, suitably by a milling process. 
The prefenred average particle size of the solid is 0.01-50 microns, preferably 1-10 microns and even more preferably 
1-5 microns. 

Step 2. Suspending the solid biologically active material in an organic liquid. The liquid is preferably a poor solvent 
for the solid, that is it will not dissolve large quantities of the solid. The liquid must also be immiscible with water, but 
polar enough to dissolve the prepolymers used in the microencapsulation process. 

The liquid preferably contains a dispersant capable of keeping the solid in the liquid but which does not allow the 
solid to be e)ctracted into the water when the suspension is dispersed into water. In addition, when the suspension is 
added to water, the dispersant must not allow phase inversion to occur i.e., the water must not be allowed to be taken 
Into an emulsion by the organic liquid. 

The exact choice of dispersants will depend on the choice of solid and the liquid but preferred dispersants are non- 
ionic surfactants which act by steric hindrance and are active only at the solid/organic liquid interface and do not act as 
emulsifying agents. Such dispersants are suitably made up of Q a polymeric chain having a strong affinity for the liquid 
and 10 a group which will absorb strongly to the solid. 

Examples of such dispersants are Hypemier PS1, Hypermer PS2, Hypermer PS3 and Hypermer l_P2: Atlox LP1. 
Atlox LP2, Atlox LP4, Atlox LPS, Atlox LPS, Atlox PS2 and Atlox PS3 available from ICI Americas Inc., Wilmington, Del- 
aware; and Agrimer polymers from GAP, e.g., Agrimer AL-220, Agrimer AL-216. 

In general, the range of dispersant concentration used is from about 0.01 to about 10% by weight based on the 
organic phase, but higher concentration of surfactant may also be used. 

Altematively, the procedures of Steps 1 and 2 may be varied by prefbmiing a milling process, to reduce the particle 
size of the solid, after the solid biologically active material is suspended in the organic liquid (media milling). 

Step 3: A physical dispersion of a water-immiscible phase in an aqueous phase is prepared. To obtain the appro- 
priate dispersion, the organic phase is added to the aqueous phase, with stimng. A suitable dispersing means is 
employed to disperse the organic phase in the liquid phase. The means may be any high shear device, so as to obtain 
a desired droplet (and corresponding microcapsule particle) size within the range of from about 1 to about 200 microns. 
Preferably the droplet size is from about 1 to about 30 microns, most preferably from about 3 to about 20 microns, aver- 
age. Once the proper droplet size is obtained, the dispersion means is discontinued. Only mild agitation is required for 
the remainder of the process. The water-immisdWe phase comprises the solid, biologically active compound sus- 
pended in the liquid to be encapsulated prepared as described above in Steps 1 and 2. The aqueous phase Is com- 
prised of water and a material termed a "protective colloid". Preferably it further contains a surfactant. 

In general, the surfactant or surfactants in this phase may be anionic or non-ionic surfactants with an HLB range of 
from about 12 to about 16 that is high enough to form a stable oil-in-water emulsion. If nrore than one surfactant is used, 
the individual surfactants may have values lower than 1 2 or higher than 1 6. However, when combined together the over- 
all HLB value of the surfactants will be in the range 12-16. Suitable surfactants include polyethylene glycol ethers of lin- 
ear alcohols, ethoxylated nonylphenols. naphthalene sulfonates, and the like. Other suitable surfactants include block 
copolymers of propylene oxide and ethylene oxide and anionic/honionic blends. Preferably the hydrophobic portion of 
the surfactant has chemical characteristics similar to the organic liquid. Thus, when the organic liquid Is an aromatic sol- 
vent, the surfactant woukJ suitably be an ethoxylated nonphylphenol. 

Especially prefenred surfactants are Tergitol NP7, Tergitol NP40 and Tergitol 15-S-20. 

In general, the range of surfactant concentration in the process is from about 0.01 to about 10.0 percent by weight, 
based on the aqueous phase, but higher concentrations of factant may also be used. 

The protective colloid present in the aqueous (or continuous) phase must absorb strongly onto the surface of ttie 
oil droplets. Suitable colloid forming materials include one or more of polyalkylates, metf^l cellulose, polyvinyl alcohol, 
polyacrylamide. poly(methylvinyl ether/maleic anhydride), graft copolymers of polyvinyl alcohol and methylvinyl 
ether/maleic acid (hydrolyzed methylvinyl ether/maleic anhydride; see U.S. Patent 4,448,929, which is hereby incorpo- 
rated by reference herein), and alkali metal or alkaline earth metal lignosulfbnates. Preferably, however, the protective 
colloid is selected from alkali metal and alkaline earth metal lignosulfbnates. most preferably sodium lignosulfonates. 
Especially prefenred colloids also contain polyvinyl alcohol. 

There must be sufficient colloid present to afford complete coverage of the surfaces of all the droplets of the organic 
liqukJ. The amount of protective colloid employed will depend on various factors, such as molecular weight, compatibil- 
ity, etc. The protective colloid can be added to the aqueous phase prior to the addition of tiie organic phase, or can be 
added to the overall system after the acMition of the organic phase or tiie dispersion of it. The protective colloid is gen- 
erally present in tine aqueous phase in an anrount of from about 0.1 to about 10.0 percent by weight. 

Any surfactant used in the aqueous phase must not displace tiie protective colloid from tiie surface of the droplets 
of organic liquid. 

If the water-immisciWe liquid is a thiocartaamate or a haloacetaniiide herbicide, then depending on the intended 
application or use of this microencapsulated product, the compositions of this invention may also include a herbicide 
safener or antidote. 
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Safeners or antidotes, when included, will usually be contained In the organic or water-immiscible phase. 

The prefenred average particle size of the droplets of the water-immiscible liquid containing a biologically active 
solid in 1 -200 microns, preferably 1 -30 microns and more preferably 3-20 microns. Particle size can be adjusted accord- 
ing to the end use of the microcapsules by adjusting stirring speed and time, and by the choice of surfactants and the 
amount of surfactants employed. 

In order to obtain the microcapsules, the organic liquid and/or tiie water must contain one or more materials which 
can react to form a polymer at the Interface between the organic liquid and tiie water. 

In the process described in U.S. Patent 4,285,720. polyisocyanates are dissolved in ttie organic phase (i.e.. at Step 
2 in the above procedure) and polymerization takes place by hydrolysis of the prepolymers at the water/organic liquid 
interface to form amines which, in turn, react with unhydrolyzed monomers to form the polyurea microcapsule wall. A 
single compound or a mixture of two or more polyisocyanates may be used. Mixtures are preferred. Of the polyisocy- 
anates. polymethylene pdyphenylisocyanate (PAPI), and isomeric mixtures of toluene diisocyanate (TDI) are prefen-ed. 
Particularly preferred are mixtures of polymethylene polyphenylisocyanate with isomeric mixtures of toluene diisocy- 
anate, in a weight ratio of PAPhTDI of from about 1 :30 to about 4:1 , especially 1 :10 to 1 :1 . 

The amount of the organic polyisocyanate used in tiie process will determine the wall content of ttie microcapsules 

In general, tfie microcapsule wall will comprise from about 2.0 to about 75.0 percent by weight of ttie microcapsule. 
Most preferably the wall will cortprise from about 4 to about 1 5% by weight, of tiie microcapsule. 

The dispersion Is maintained in a temperature range of from about 20'*C to about 90*0 preferably 40*- 60**C during 
which the condensation reaction takes place to fonri the polyurea, at the internees between the droplets of the organic 
phase and the aqueous phase. 

A thiocarbamate or a haloacetanilide herbicide may be used as a solvent for tiie polyisocyanates. Alternatively, sol- 
vents such as xylene may be used (see Canadian Patent 1 ,094.402). 

Anotiier suitable system for forming microcapsules is described in U.S. 4,956.129. in which the polymer is formed 
from an etherified urea-formakJehyde prepolymer in which 50-98% of tiie melhyld groups have been ettierified witii a 
C4-C10 alcohol. Self-condensation of the prepolymer takes place under tiie action of heat at low pH, for example at pH 
0-4at20-100*'C. 

To form the microcapsules, the temperature of the two-phase mixture is raised to a value of from about 20**C to 
about 90'*C. preferably from about 40*C to about 90**C, most preferably from about 40*»C to about 60**C. Depending on 
the system, the pH value may be adjusted to an appropriate level. 

The following are examples of preparations off conrpositions of tiiis invention. 

GENERAL PROCEDURE 

In the first two exanples which follow, the compositions were prepared by the following general procedure: 
The organic phase was added to the aqueous phase, and an oil-in-water emulsion was formed by means of a high 
shear stirrer. The average particle size was in tiie range of 1 1 .Of 2 microns. While miW agitation was maintained, tiie 
temperature of tiie batch was raised to 50**C over a period of 30 minutes, and held at 50*C for 3 hours. The resulting 
microcapsule suspension was ttien allowed to cool to room terrperature. The additional ingredients were tiien added 
and the pH was then adjusted to 1 1 .0 with 50% caustic. 

EXAMPLE 1 14473-27-1 



A composition was prepared using the general procedure desaibed above with tiie following ingredients. 
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Component 


Weight g. 


Weight % 


ORGANIC PHASE 






Atrazine (technical grade) 


65.0 


16.58 


Acetochlcr (technical Qrade) 


100.0 


25.51 


N,N-diallyldlchloroac6taniide 


17.0 


4.33 


Hypermer LPS 


9.0 


2.30 


Hypermer LP1 


4.0 


1.02 


Polymethylene polyphenyllsocyanate 


2.0 


0.51 


Toluene diisocyanate 


9.0 


2.29 


AQUEOUS PHASE 






Reax lOOM (sodium salt of lignoslilfonic add, 40% solution in water) 


18.0 


4.59 


Gelvatol 40/1 0 f PVA. 20% solution in water) 


18.0 


4.59 




A 0 


1 02 


Tergitot NP40 (70% solution in water) 


1.0 


0.26 


Water 


138.8 


35.15 


ADDITIONAL INGREDIENTS 






Attapulgite (attagel 40) ^ 


3.8 


0.98 


Xanthan gum (Kelzan) ^ 


0.3 


0.07 


Sodium cartx>nate ^ 


2.7 


0.70 


ProxelQXL^ 


0.4 


0.10 


TOTAL 






The resulting microencapsulated product had an average particle diameter of 10.0 microns. 



1 = susperxfing agent 
^ - txiffering agent 
^ = biodde 
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EXAMPLE I1 14585-26 A composition was prepared using the general procedure described above with the following 
ingredients. 



Conftponent 


Weight, g. 


Weight % 


ORGANIC PHASE 






2-(2-nitro-4-methanesulfonylbenzoyl)-1,3-cyclohexanedione 


50.0 


12.50 


Solvesso 200 


115.0 


28.75 


Hypenmer IPS (40% solution in hydrocart^ons) 


32.0 


8.00 


Polymethylene polyphenylisocyanate 


8.0 


2.00 


Toluene diisocyanate 


8.0 


2.00 


AQUEOUS PHASE 






Reax 100M (sodium of lignosulfonic acid, 40% solution in water) 


18.0 


4.50 


Gelvatol 40/10 (PVA, 20% solution in water) 


18.0 


4.50 


Tergttol NP7 (20% solution in water) 


4.0 


1.00 


Tergitol NP40 (70% solution in water) 


1.0 


0.25 


Water 


138.8 


34.70 


ADDITIONAL INGREDIENTS 






Attapulgite (attagel 40) 


3.8 


0.95 


Xanthan gum (Kelzan) 


0.3 


0.07 


Sodium carbonate 


2.7 


0.68 


Proxel GXL 


0.4 


0.10 


TOTAL 


400.00 


160.60 



35 The resulting microencapsulated product had an average particle diameter or 1 2.5 microns. 

In each Example the final product of the process was analyzed by microscopy and polarography. The results 
showed that the suspension of biologically active solid was successfully microencapsulated and the aqueous phase 
was substantially free of the solid. 

40 Claims 

1 . A microcapsule containing a solid biologically active compound selected from the group comprising pharmaceuti- 
cals and agrochemicals suspended in an organic liquid containing a dispersant which is active only at the 
eolid/aganic liquid interface and does not act as an emulsifying agent. 

45 

2. A nticrocapsule according to daim 1 wherein the liquid is a water-immiscible liquid. 

3. A microcapsule according to daim 1 or 2 wherein the biologically active conpound is an agrochemical. 
50 4. A microcapsule according to any of daims 1 -3 wherein the agrochemical is a herbicide. 

5. A microcapsule according to daim 4 wherein the herbicide is atrazine. 

6. A microcapsule according to any of claims 1-5 wherein the liquid is a biologically active compound selected from 
55 the group conprising pharmaceuticals and agrochemicals. 

7. A microcapsule according to daim 6 wherein the liquid is a herbicide. 
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8. A microcapsule according to datm 7 wherein the liquid is a haloacetanalide or a thiocarbamata 

9. A microcapsule according to daim 8 wherein the liquid herbicide is acetochlor. 

5 1 0. A microcapsule according to any of claims 7-9 wherein a herbicide safener Is also present in the microcapsule. 

11 . A microcapsule according to any of claims 1-10 wherein the microcapsule is formed by an interfacial polymerization 
reaction. 

10 1 2. A microcapsule according to any of daims 1 -11 in which a potyurea capsule is formed from isocyanate monomers. 

13. A microcapsule according to claim 12 in which the isocyanate monomer is a mixture of potymetliylene polyphenyl- 
isocyanate and an isomeric mixture of toluene diisocyanate. 

15 14. A microcapsule according to claim 1 containing from about 0.1 to about 55 weight percent of biologically active 
compounds. 

1 5. A microcapsule according to daim 1 in which the capsule is formed from an etherif ied urea-formaldehyde prepdy- 
mer 

20 

1 6. A microcapsule according to daim 1 5 in which the urea-formaldehyde polymer is produced from an etherif ied urea- 
formaldehyde prepolymer in which from about 50% to about 98% of the methylol groups of the said prepdymer 
have been etherif ied with a 04-0^ o alcohol. 

25 17. A microcapsule according to any of claims 12-16 in which the polymer comprises from about 4 to about 15% by 
weight of the capsule. 

18. A process for preparing microcapsules containing a solid, biologically active compound selected from the group 
comprising pharmaceuticals and agrochemicals suspended in liquid containing a dispersant active only at the 

30 solid/organic liquid interface and which does not act as an emulsifying agent which process comprises: 

a) preparing a suspension of said compound in an organic liquid which is immisdble with water and which con- 
tains a dispersant active only at the solid/organic liquid interface and which does not act as an emulsifying 
agent by either: 

35 

i) producing a powder of said conrpound with a particle size of 0.0 1 -50 nrucrons and suspending said pow- 
der in said organic liquid, or 

ii) media milling said compound to a particle size of 0.01-50 microns and suspending said compound in 
40 said organic liquid: 

b) introdudng said suspension into water containing a protective colloid arvj optionally a surfactant capable of 
maintaining the organic liquid as droplets in the water without extracting the solid from the organic liquid into 
the water; the organic liquid and/or the water containing in solution one or more rTX)nomers or prepolymers 

45 which can react to form a polymer at the interface of the aganic liquid and water; 

c) mixing the suspension of organic liquid in the aqueous phase under high shear to form an oil-in-water emul- 
sion; and 

50 d) adjusting as necessary the temperature and/or pH of the oil-ln-water emulsion such that a polymerization 

reaction takes place to form the microcapsules. 

1 9. A process according to claim 1 8 wherein the partide size of the biologically active solid is 1 -1 0 microns. 

55 20. A process according to claim 1 8 or 1 9 wherein the partide size of the droplets of organic liquid after dispersion in 
the water is 1-30 miaons. 

21. A process according to any of daims 18-20 in which the protective colloid is an alkaline metal or alkaline earth 
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metal lignosulfonate and optionally also contains polyvinyl alcohol. 

22- A process according to any of daims 18-21 in which the surfactant in the aqueous phase has an HLB value of 12- 
16. 

23. A process according to any daims 18-22 wherein the prepolymer is an organic polyisocyanate dissolved in the 
organic liquid which when heated forms a polyurea by hydrolysis of an isocyanate to an amine which in turn reacts 
with another isocyanate to form the polyurea. 

24. A process according to claim 23 in which the polisocyanate is a mixture of potymethylene polyphenylisocyanate 
and an isomeric mixture of toluene diisocyanate. 

25. A process according to any of daims 18-24 wherein the prepolymer is an etherified urea-formaldehyde prepolymer 
in which about 50-98% of the methylol groups have been etherified with a C4-C10 alcohol, and which forms a solid 
polymer at pH 0-4 at 20-1 00*'C. 

PatentansprQche 

1 . Mikrokapsel, die eine teste biologisch aktive Veitindung, ausgewdhtt aus Arzneinr^tteln und Agrochemikalien. sus- 
pendiert in einer organischen RQssigkeit enthdtt. die ein Dispergiermittel enthdii, das nur an der Grenzf iSche Fest- 
stof^organische Flussigkeit aktiv ist und nicht als Emulgiermittel dient 

2. Mikrokapsel nach Anspruch 1 , in der die FIDssigkert eine mit Wasser nicht mischbare RQssigkeit ist. 

3. Mikrokapsel nach Anspruch 1 Oder 2, in der die biologisch aktive Verbindung eine Agrochemikalie ist. 

4. Mikrokapsel nach einem der AnsprOche 1 - 3, In der die Agrochemikalie ein Herbizid ist. 

5. Mikrokapsel nach Anspruch 4, in der das Herbizid Atrazin ist. 

6. Mikrokapsel nach einem der AnsprOche 1 - 5. in der die Flussigkeit eine biologisch aktive Verbindung, ausgewahlt 
aus Arzneimittetn und Agrochemikalien. ist 

7. Mikrokapsel nach Anspruch 6, in der die RQssigkeit ein Herbizid ist. 

8. Mikrokapsel nach Anspruch 7. in der die RQssigkeit ein Halogenacetaniiid oder ein Thiocarbamat ist. 

9. Mikrokapsel nach Anspruch 8, in der das f IQssige Herhizid Acetochlor ist 

10. Mikrokapsel nach einem der AnsprOche 7 - 9, in der ein Herbiztdsicherungsmittel ebenlalls in der Mikrokapsel vor- 
handen ist 

11. Mikrokapsel nach einem der AnsprQche 1 - 10. in der die Mikrokapsel durch eine Grenzfldchenpolymerisations- 
reaktion gebildet wird. 

1 2. Mikrokapsel nach einem der AnsprOche 1 - 1 1 . in der eine Pdyharnstoffkapsel aus Isocyanatmonomeren gebikiet 
wird. 

13. Mikrokapsel nach Anspruch 12, in der das lsocyanatnrK)nomer ein Gemisch aus Polymethylenpdyphenylisocyanat 
und einem isomeren Gemisch von Toluokiiisocyanat ist. 

14. Mikrokapsel nach Anspruch 1 . die etwa 0.1 bis etwa 55 Gew.-% der bidogisch aktiven Verbindungen enthdit. 

1 5. Mikrokapsel nach Anspruch 1 . in der die Kapsel aus einem veretherten Harnstoff-Formaldehyd-Prepolymer gebil- 
det wird. 

16. Mikrokapsel nach Anspruch 15, in der das Harnstoff-Formaldehyd-Polymer aus einem veretherten Harnstoff-Form- 
aldehyd-PrepoIymer gebildet wird, in dem etwa 50 % bis etwa 98 % der Methylolgruppen des Prepolymers mit 
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einem C4-Cio-Alkohol verethert wurden. 

1 7. Mikrokapsel nach einem der AnsprOche 12 • 1 6. in der das Polymer etwa 4 bis etwa 1 5 Gew.-% der Kapsel umfaBt. 

5 18. Verfahren zur Herstellung von Mikrokapsein, die eine teste blologisch aktive Verbindung. ausgewdhit aus Arznei- 
mitteln und Agrochemikalien, suspendiert in einer RQssigkert enthalten, die ein Dispergiermrttel enthdlt das nur an 
der Grenzfldche Feststoff/organische RQssigkert akb'v ist und nicht als Emulgiermittel dient, wobei das Verlahren 
umfaSt: 

10 a) Herstellen einer Suspension der Verbindung in einer organischen RQssigkeit, die mit Wasser nicht mischbar 

ist und ein nur an der Grenzfiadie Feststoff/organische RQssigkeit wirksames Dispergiermittel enthdit, das 
nicht als Emulgiermittel dient. durch entweder: 

i) Herstellen eines Pulvers der Verbindung mit einer Teil(^engr06e von 0.01 - 50 Mikron und Suspendieren 
15 des Putvers in der organischen FlOssigkert Oder 

iQ Mahlen der Verbindung mit einem Hitfsmittel auf eine TeilchengrOBe von 0.01 - 50 Mikron und Suspen- 
dieren der Verbindung in der organischen RQssigkert; 

b) Einbringen der Suspension in Wasser, das ein Schutzkoilo'rd und gegebenenfalls ein grenzfldchenaktives 
20 Mittel enthdit, das dazu f£diig ist, die organische RQssigkeit als TrOpfchen im Wasser zu haKen, ohne den Fest- 

stoff aus der organischen FIDsslgkeit in das Wasser zu e)ctrahieren; wobei die organische RQssigkeit und/oder 
das Wasser in LCsung ein Oder mehrere Monomere oder Prepolymere enthatten, die reagieren k6nnen. wobei 
an der Grenzf Idche der organischen RQssigkeit und Wasser ein Polymer gebildet wird; 

c) Mischen der Si^ension der organischen RQssigkeit in der wdBrigen Phase unter hoher Scherung, wobei 
25 eine Ol-in-Wasser-Emulsion gebildet wird; 

und 

d) Einstellen der Temperatur und/oder des pH-Werts der Ohn-Wasser-Emulsion. falls erforderlich derart. daB 
eine Polymerisationsreaktion stattfindet wobei die Mikrokapsein gebildet werden. 

30 1 9. Verfahren nach Anspruch 1 8, wobei die TeilchengrOBe des biologisch aktiven Feststoffs 1-10 Mikron betrdgt. 

20. Verfahren nach Anspruch 18 oder 19. wobei die TeilchengrOBe der TrOpfchen der organischen RQssigkeit nach 
Dispersion im Wasser 1-30 Mikron betrdgt. 

35 21. Verfahren nach einem der AnsprOche 18 - 20, wobB\ das Schutzkolloid ein Alkalimetall- oder Erdalkalimetalli- 
gnosulfbnat Ist und gegebenenfalls auch Polyvinylalkohol enthait 

22. Verfahren nach einem der AnsprOche 18-21. wobei das grenzfldchenaktive Mittel in der wdBrigen Phase einen 
HLB-Wertvon 12-16 aufweist. 

40 

23. Verfahren nach einem der AnsprOche 18-22, wobei das Prepolymer ein organisches Polyisocyanat gelOst in der 
organischen RQssigkert ist. das beim Erhrtzen durch Hydrolyse elnes Isocyanats zu einem Amin einen Pdyharn- 
stoff biklet wobei das Amin wiederum mrt einem anderen Isocyanat reagiert. wobei der Polyhamstoff gebildet wird. 

45 24. Verfahren nach Anspruch 23, wobei das Polyisocyanat ein Gemisch von Polymethylenpolyphenylisocyanat und ein 
isomeres Gemisch von Toluoldisocyanat ist 

25. Verfahren nach einem der AnsprOche 18-24. wobei das Prepolymer ein verethertes Harnstoff-Formaldehyd-Pre- 
polymer ist, in dem etwa 50 - 98 % der Methyiolgruppen mit einem C4-Cio-Alkohol verethert wurden. und das ein 
so testes Polymer bei einem pH-Wert von 0 - 4 bei 20 - 100**C bildet 

Revendications 

1. Microcapsule contenant un compose t>iologiquement actit solde choisi dans le groupe comprenant les produrts 
55 pharmaceutiques et les produits agrochimiques en suspension dans un liquide organique contenant un dispersant 

qui est actit seulement h {'interface solide/liquide organique et qui n*agrt pas comme un agent 6mulsif iant 

2. Mlaocapsule selon la re^^er^dication 1 dans iaquelle le liquide est un liquide immisdble k I'eau. 
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3. Miaocapsule selon la revendication 1 ou 2 dans laquelle le compose biologiquement actif est un produit agrochi- 
mique. 

4. Microcapsule selon Tune quelconque des revendicalions 1 k 3 dans laquelle le produit agrochimique est un herbi- 
cide. 

5. Microcapsule selon la revendication 4 dans laquelle Therbicide est Tatrazine. 

6. Microcapsule selon Tune quelconque des revendications 1 ^ 5 dans laquelle le liquide est un compost biologique- 
ment actif choisi dans le groupe comprenant les produits pharmaceutiques et les produits agrochimiques. 

7. Microcapsule selon la revendication 6 dans laquelle le tiquide est un herbicide. 

8. Microcapsule selon la revendication 7 dans laquelle le liquide est un halog6noac6tanilide ou un thiocarbannate. 

9. Microcapsule selon la revendication 8 dans laquelle I'herbicide liquide est rac6tochlore. 

10. Microcapsule selon I'une quelconque des revendications 7 6 9 dans laquelle un agent d*inocuit6 pour herbicides 
est present aussi dans la microcapsule. 

1 1 . Microcapsule selon I'une quelconque des reverKJications 1610 dans laquelle la microcapsule est form6e par une 
reaction de polymerisation interfaciala 

1 2. Miaocapsule selon rune quelconque des revendications 1611 dans laquelle une capsule de polyur6e est fomi6e 
6 partir de monomdres isocyanates. 

13. Miaocapsule selon la revendication 12 dans laquelle le monom6re isocyanate est un melange de polym6thyl6ne- 
polyph6nylisocyanate et d'un m6lange d'isom6res de toIu6nediisocyanate. 

14. Miaocapsule selon la revendication 1 contenant d'environ 0,1 6 environ 55% en nr^asse de compos6s biologique- 
ment actifs. 

15. Miaocapsule selon la revendication 1 dans laquelle la capsule est form6e 6 partir d'un pr6polym6re ur6e-formal- 
d^hyde 6th^Hi6. 

16. Miaocapsule selon la revendication 15 dans laquelle le polym6re ur6e-formald6hyde est produit 6 partir d'un pr6- 
polymfere ur6e-fonTiald6hyde 6th§rif 16 dans lequel d'environ 50% k environ 98% des groupes m§thyIols dudit pr6- 
polym6re ont 6t6 6tti6rifi6s avec un alcool en C4-C10* 

17. Miaocapsule selon I'une quelconque des revendications 12 616 dans laquelle le polym6re constitue d'environ 4 6 
environ 1S% en masse de la capsule. 

18. Proc6d6 de preparation de mlaocapsules contenant un compost biologiquement actif solide choisi dans le groupe 
comprenant les produits pharnnaceutiques et les produits agrochimkjues en suspension dans un liquide contenant 
un dispersant actif seulement 6 llnterlace solide/lquide organique et qui n'agit pas comma un agent 6mulsif iant, 
lequel proc6d6 comprend : 

a) la preparation d'une suspension dudit compose dans un liquide organique qui est immiscible 6 1'eau et qui 
contient un dispersant actif seulement 6 Unterface solide/Iiqulde organique et qui n'agit pas comma un agent 
emulsif iant par : 

0 production d'une poudre dudit compose ayant une taille de particule de 0,01 - 50 jun et mise en suspen- 
sion de iadite poudre dans ledit liquide organique. ou 

ii) broyage dudit compose avec des milieux de broyage jusqu*6 une taille de particule de 0,01-50 ^m et 
mise en suspension dudit compose dans ledit liquide organique: 

b) introduction de Iadite suspension dans de Teau contenant un coIloTde protecteur et eventuellement un ten- 
sioactif capable de maintenir le liquide organique sous forme de gouttelettes dans Teau sans extraire le solide 
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du liquide organique dans Teau, le liquide organique et/ou I'eau contenant en solution un ou ptusieurs mono- 
n^^res ou pr6polymdres qui peuvent r^agir pour former un polym^re k llnterface du liquide organique et de 
Teau; 

c) melange de la suspension de liquide organique dans la phase aqueuse sous cisaillement 6lev6 pour former 
5 une Emulsion huile-dans-l*eau; et 

d) ajustement, selon ce qui est n6cessaire, de la temperature et/ou du pH de r^mulsion huite-dans-t'eau de 
mani^re qu'une reaction de polym^isation ait lieu pour former les microcapsules. 

1 9. Proc^d selon la revendication 1 8 dans lequel la taille de particule du solide biologiquement actrf est de 1 ^ 1 0 ^m. 

10 

20. Proc§d6 selon la revendication 18 ou 19 dans lequel la taille de particule des gouttelettes de liquide organique 
apr^ la dispersion dans I'eau est de 1 ^ 30 ^m. 

21 . Proc^§ selon I'une quelconque des revendications 18 k 20 dans lequel le colloTde protecteur est un lignosuifonate 
IS alcalin ou alcalino-terreux et contient 6ventuellement aussi du poly(alcool vinylique). 

22. Proc6d6 selon l*une quelconque des revendications 18^21 dans lequel le tensioactif dans la phase aqueuse a une 
valeur HLBde 12^16. 

20 23. Proc6d6 selon i'une quelconque des revendications 18 ^ 22 dans lequel le pr^lym^re est un polyisocyanate 
organique dissous dans le liquide organique qui. lorsqull est chauff^. forme une polyur^e par hydrolyse d'un iso- 
cyanate en une amine qui, k son tour. r6agit avec un autre isocyanate pour former la polyuria. 

24. Proc6d6 selon la revendication 23 dans lequel le polyisocyanate est un melange de polym^thyi^nepotyph^nyiiso- 
25 cyanate et d'un melange d'isomdres de tolu^nediisocyanate. 

25. Proc6d6 selon Tune quelconque des revendications 18 & 24 dans lequel le pr^polym^re est un pr^lym^re ur^e- 
formaldehyde eth6rHi6 dans lequel environ 50 k 98% des groipes m6thylols ont ^k eth^rif i6s avec un alcool en 
C4-C10. et qui forme un polymdre solide ^ un pH de 0 ^ 4 ^ 20-1 OO^'C. 

30 
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